Evidence Against Keratin Gene Mutations in a Family with Ichthyosis Hystrix Curth-Macklin  by Bonifas, Jeannette M et al.
RAPID COMMUNICATION 
Evidence Against Keratin Gene Mutations in a Family 
with Ichthyosis Hystrix eurth-Macklin 
Jeannette M. Bonifas, John W. Bare, Marisa A. Chen, Annamari Ranki,* Kirsti-Maria Neimi,* 
and Ervin H. Epstein, Jr. 
Departments of Dermatology University of Cali fornia School of Medicine, San Francisco, California, U.S.A.; and 'Helsinki University 
Central Hospital, Helsinki, Finland 
Ichthyosis hystrix Curth-Macklin is a rare autosomal domi-
nant disease characterized clinically by hyperkeratosis and 
ultrastructurally by disruption of the keratin intermediate 
filament network of suprabasal keratinocytes. W e have used 
linkage analysis to test whether a keratin gene mutation 
A lthough many cutaneous disorders have been termed "disorders of keratinization," only very recently have phenotypic abnormalities resulting from keratin gene abnormalities been elucidated. Specifically, there now is substantial evidence that mutations of genes encod-
ing keratins expressed in basal keratinocytes underlie epidermolysis 
bullosa simplex t [1 - 6] and that mutations of genes encoding kera-
tins expressed in suprabasal keratinocytes underlie genera lized epi-
dermolytic hyperkeratosis (EHK) (bullous congenital ichthyosi-
form erythroderma) [7 -13]. 
One very rare disorder of keratinization is ichthyosis hystrix 
Curth-Macklin (IHCM). During the past four decades two families 
and some isolated patients with this disease have been described 
[14-20]. In the former, inheritance was compatible with an autoso-
mal dominant trait. The typical clinical abnormality is hyperkerato-
sis of somewhat variable extent (localized to generalized) and sever-
ity', both within one family and at different times within one 
individual. Abnormalities of the middle and upper spinous kerati-
nocytes detectable by electron microscopy arc characteristic, with 
thick perinuclear shell s comprised of intermediate filaments fl anked 
centrally by a region rich in ribosomes and peripherally by normal 
intermediate fil ament bundles terminating on desmosomes. This 
appearance is found in both clinically normal and affected skin 
[1 6-20] . These histologic findings resemble but arc distinct from 
those of EHK; tonofi lament clumping typical in EHK is lacking in 
IHCM. 
We have studied DNA from one of the two known kindreds, 
IHCM-Ko [16] . Patients in this family have thick, furrowed-ap-
pearing hyperkeratosis localized over joints. W e report here evi-
dence against keratin gene mutations being the inherited defect 
underlying this disease. 
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t Hoyheim B. Gedde-Dah l T J r. Berg E. Oiaisen B: Linkage studies in 
epidermolysis bullosa simplex (abstr). J IrlVes! Dem!a!oI 98:397 . 1992. 
might underlie this disease. This analysis excluded the kera-
tin gene loci as the sites for the disease-causing mutation in 
one affected kindred. Key words: linkage analysis/epidermal 
disease/ genodermatoses/ epidermolytic hyperkeratosis. ] In-
vest DermatoI101 :890-891, 1993 
MATERIALS AND METHODS 
DNA was isolated from peripheral blood leukocytes. After informed consent 
30-60 ml blood was drawn from each patient. After anticoagulation with 
ethylenediamine tetraacetic acid. the lymphocytes were separated with Fi-
coli density centrifugation (Ficoll -Paque, Pharmacia, Uppsala) and washed. 
and high - molecular-weight DNA was isolated. The cells were first lysed in 
Tris-HCI buffer (pH 7.6) containing 1 % Triton-X-I00. 5 mM MgCl2 , and 
320 mM sucrose, washed, and digested in ethylenediamine tetraacetic acid-
NaCI solution with 1 % sodiumdodecyl sulfide and proteinase K (0.1 mg! 
ml; Merck. Darmstadt. Germany). The DNA was extracted once each with 
TE-phenol. phenol : chloroform, and chloroform, and then precipitated 
with ethanol and 0.3M NaAc. The precipitate was washed with 70% eth-
anol . dissolved in TE-buffer. and stored at - 20·C until used. 
Polymorphic loci analyzed are known to be close to the type II keratin 
gene cluster on chromosome 12 and to the type I keratin gene cluster on 
chromosome 17 (Chen, MA et ai, manuscript in preparation). Specifically, 
Mspl-digested genomic DNA was subjected to Southern analysis at D 12S14 
by hybridization with pEFD 33.2 (21). at D12S17 by hybridization with 
pYNH15 [22]. and at KRT 5 by hybridization with a cDNA probe (Chen 
MA. Epstein E. J r .• manuscript in preparation). Hinfl-digested genomic' 
DNA was subjected to Southern analysis at D17S74 by hybridization with 
pCMM86 [23]. The microsatell ite repeat polymorphism at D17S579 was 
analyzed by gel e1eccrophoresis of products of polymerase chain reaction 
using 32P-labeled primers [24 -26]. Two-point linkage analysis was calcu-
lated with LIPED [27). 
RESULTS 
C linical findings in this kindred (IHCM-Ko) of hyperkeratosis of 
early onset and localization to the ankles, elbows, and knees have 
been described [1 6]. When inheritance of the abnormal phenotype 
was compared with inheritance of polymorphic loci ncar the type II 
keratin gene cluster on chromosome 12q and the type I keratin gene 
cluster on chromosome 17q, recombinants were noted with each 
(Fig 1, Table I) . This provides strong evidence against keratin genes 
being the site of the mutation underlying the disease in this kindred . 
DlSCUSSION 
The ultrastructural changes in IHCM do differ from those of epi-
dermolytic hyperkeratosis. However, in both diseases there are ab-
normalities of the keratin intermediate filament network of the cells 
of the upper layers of the epidermis. In EHK the tonofilaments form 
tight bundles or balls with sharp margins. In contrast, the tonofila-
ments in IHCM seem to be unable to form regular. parallel tonofi-
lament bundles and instead fill some of the upper keratinocytes 
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Figure 1. Genotypes of members of IHeM-Ko kindred for polymorphic 
loci near the keratin gene clusters on chromosome 12 (D12S14) and chro-
mOSOITle 17 (D17S579). Solid symbols, affected persons; oprll symbols, unaf-
fected persons; squares, male, circles, female. 
Table I. Pairwise Lod Scores Between IHCM-Ko and 
Chromosome 12q and 17q Loci" 
Lod score at 0 of 
0.001 0.01 0.05 0.10 
0 12S14 -7.55 -4.55 -2.46 -1.59 
012S17 -3.29 -2.29 -1.52 -1.10 
KRT 5 -3.33 -2.30 -1.46 -1.03 
01 7S579 -6.59 -3.62 -1.65 -0.91 
0 17S74 -4.41 -2.43 -1.09 -0.57 
• Paternal and maternal segregarion are combined, and autosomal dominanr inheri-
tance with full penetrance and no sporadic Cases has been assumed. 
with a haphazardly arrayed filament network. Binucleated ceIls are 
present in both human diseases as well as in transgenic mice carrying 
genes encoding mutant keratin 10 [13] . Hence the lack oflinkage to 
keratin genes in this IHCM kindred is an interesting contrast to the 
linkage and sequence analyses in EHK, which identify underlying 
mutations of keratins 1 and 1 O. We conclude that abnormalities of 
genes encoding proteins other than keratins may disrupt the keratin 
intermediate filament network and may be associated with binu-
cleated keratinocytes. For example, the finding of disruption of the 
intermediate filament network following transfection of DNA en-
coding a mutant desmoplakin [28] is compatible with that conclu-
sion. 
This work was supported in part by NIH grallt AR 41120 alld by a grant from 
Roehe D ermatologies. 
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